Multilevel inverter structures have the advantages due to the ablility to operate at high dc-bus voltage. It is able to operate at higher power applications by using series connection of switching devices. In addition, multilevel inverter can generate output voltage with very low harmonic distortion and synthesis a staircase voltage waveform by having multiple voltage levels. Various multilevel inverter topologies are introduced; however, cascaded multilevel inverter is commonly used because it is easy to be implemented. In addition, multilevel inverter topologies are able to operate at lower switching frequency and it produces higher efficiency by producing lower switching dissipation. In this paper, MATLAB/Simulink is used to model the seven levels cascaded multilevel PWM inverter by using bipolar and unipolar switching techniques. The analysis of the cascaded multilevel inverter will be done on different types of non-linear loads such as R-load, RL-load and RC-load The THD of voltages and currents on each type of loads that are done and finally the results are compared.
Introduction
Inverters are circuits that are used to convert the direct current power such as solar panels and batteries to alternate current power at a desired output voltage and frequency. Inverters are commonly used in application which requires variable voltage and frequency alternating current supply. Some of these applications are speed control of direct current motor, cell phones and the most popular device used is Uninterruptible Power Supplies (UPS) as well as running alternating current appliances from an automobile battery [1] .
In the past, the conventional inverters such as square wave inverter are widely used due to its simplicity. Although it is simple to construct, it introduces substantial higher order harmonic values in the line current. Harmonic results in decreasing live cycle of electrical equipment and the power quality. Moreover, the harmonic contents around the switching sidebands can produce mechanical vibration in electrical machines depending on their frequencies and magnitude, acoustic noise and overheating of the core of distribution transformers [2, [7] [8] [12] [13] .
They are able to generate output voltage and draw input current with very low distortion by increasing the number of output levels. In addition, they generate smaller common-mode voltage, thus reducing stress in the motor bearings [3, 10] . Fig. 1, Fig. 2 and Fig. 3 show the three most common MLI topologies which are classified into neutral point clamped MLI (NPC-MLI), flying capacitor MLI (FC-MLI) and cascaded H-Bridge MLI (CHB-MLI) respectively [4, 11] . The multilevel inverters are different in circuit structures and the components used. Among of these three topologies, cascaded H-bridge cell is most often to be used due to its minimum components used, reliability and modularity [4] . In this study, the three-phase seven-level multilevel inverter is designed by using SPWM bipolar and unipolar switching schemes. Unipolar switched inverters have the advantage of higher efficiency due to reduced switching loss and low iron loss of inductor in output filter. In addition, the distortion of output current is quite significant in low power levels. However, bipolar switched inverters are able to reduce low frequency harmonics especially at low power level [2] . Fig. 4 shows the block diagram of three-phase nine-level multilevel inverter.
Multicarrier PWM technique is widely used due to easy implementation, low harmonic output and low switching losses. Multilevel SPWM needs multiple carriers. Level-shifted PWM such as phase disposition (PD) technique is used due to lead less distorted line voltages since all the carriers are in phase [5] . The signal configuration for PD technique is showed in Fig. 5 . The inverter dc bus voltage is usually fixed while its ac output voltage can be adjusted by either bipolar or unipolar modulation schemes [6] . Control of the switches for sinusoidal PWM output requires a reference signal and carrier signal. Frequency modulation (m f ), and amplitude modulation, ma should be considered when using PWM. The mf can be calculated using (1) . m f should be an odd integer and an integer to avoid the existing of sub-harmonics at output voltage. m f should be a multiple of 3 for three-phase PWM inverter. Increasing the carrier frequency increases the frequencies at which the harmonics occur. 
Simulation Model
This section will explain the model of three phase seven level multilevel inverter modeling and unipolar and bipolar PWM techniques. Fig. 6 shows MATLAB Simulink model of nine levels multilevel inverter. It consists of six single phase full bridge inverters. From signal generator, four carrier waveforms are produced and all are in phases. The signal reference is placed at the middle of the carrier sets. The generating signals are produced by using unipolar and bipolar pulse width modulation (PWM) respectively. The simulation parameters for these both studies are showed in Table 1 . 
Results and Analysis
In seven levels of multilevel inverter, two single phase full bridge inverters are connected in series to form three legs of phase of three phase inverters. There are many types of non-linear loads such as R-load, RL-load and RC-load. Each type of loads has different output voltages and currents waveforms as well as having different harmonic distortion values. MATLAB/Simulink is used to simulate the unipolar PWM and Bipolar inverter switching schemes for different types of non-linear loads.
R load with Unipolar PWM Technique
Each leg of inverters is connected to R load (100Ω) and DC voltage (100V). The three phase currents and voltages are plotted respectively as well as the total harmonic distortion of current and voltage as shown in Fig. 9 and Fig. 10 . 
RL load with Unipolar PWM Technique
The three legs of phase A, B and C of the three phase inverters are connected to R load (100Ω) and L load (0.02H) respectively. The three phase currents and voltages are plotted respectively and total harmonic distortion of current and voltage is show in Fig. 11 and Fig. 12 respectively. 
RC load with Unipolar PWM Technique
The three legs of phase A, B and C of the three phase inverters are connected to R load (100Ω) and C load (30µF) respectively. Fig. 13 and 14 show , the three phases of currents, voltages and total harmonic distortion of current and voltage. 
R load with Bipolar PWM Technique
Each leg of inverters is connected to R load (100Ω) and dc voltage (100V). The results waveforms of the three phase currents, voltages and total harmonic distortion of current and voltage for R load are shown in Figs.15 and 16 . 
RL load with Bipolar PWM Technique
The three legs of phase A, B and C of the three phase inverter are connected to R load (100Ω) and L load (0.02H) respectively. The three phase currents and voltages are plotted respectively as well as the total harmonic distortion of current and voltage as shown in Figs. 17 and 18 . 
RC load for Bipolar PWM Technique
The three legs of phase A, B and C of the three phase inverters are connected to R load (100Ω) and C load (30µ) respectively. Fig.19 and Fig. 20 show the three phase currents, voltages and total harmonic distortion of output current and voltage. Table 2 illustrated the harmonics of seven level three phase inverter. Referring to unipolar harmonics results the three types of non-linear loads has the same voltage harmonic which is 18.85%. However, in current harmonic, RL has the lowest percentage which is 0.77%. RC load has the highest current harmonic which is 21.85% compared to R load which is 21.78%. Meanwhile for Bipolar harmonics result the three types of non-linear loads have the same voltage harmonic which is 17.22%. However, in current harmonic, RL has the lowest percentage which is 1.19%. RC load and has the highest current harmonic which is 30.74% compared to R load which is 30.45%.
Conclusions
From the simulation results of each type of non-linear loads, it is clear that unipolar nine level inverter has the lowest voltage and current harmonics. RL load has the lowest current harmonic because it is a low-pass filter and able to filter low harmonic frequency. Multilevel inverter is able to reduce the harmonic contents. Hence, unipolar switching scheme for multilevel inverter is better than the bipolar switching schemes. In summarizing the comparisons of voltage and current harmonics by using unipolar and bipolar switching schemes, it can be seen that the uniipolar switched inverter has lower harmonic than biipolar switched inverter especially in RL load testing. In unipolar switched inverter, the current harmonic is 0.77% while bipolar switched inverter is 1.19%. 
